A rapid, radiometric method was developed to determine the susceptibility of filamentous fungi to amphotericin B. The rapid, radiometric method depended on measurement of the inhibition of "4CO2 production in the presence of amphotericin B. Thirty isolates of filamentous fungi were tested by the rapid, radiometric method and a reference agar dilution method. There was 93% agreement between the two methods when an 80% or greater decrease in CO2 production was used to calculate the minimal inhibitory concentration with the rapid, radiometric method. Minimal inhibitory concentrations, based on 80% decrease of CO2 production, were achieved within 24 h of incubation with all of the fungi tested.
There is a need for in vitro susceptibility data and in vivo correlation of efficacy with antifungal agents to establish better chemotherapeutic approaches to manage life-threatening fungal infections. This is especially true for fungal infections such as aspergillosis, mucormycosis (zygomycosis), pseudallescheriosis, phaeohyphomycosis, and other mycoses caused by filamentous fungi. Although amphotericin B (Am-B) is the treatment of choice for most lifethreatening mycoses, in vitro susceptibility data and clinical failures indicate that species such as Pseudallescheria boydii and some isolates of Aspergillus are resistant to this antifungal antibiotic. In addition, Am-B susceptibility data may not be available for unusual filamentous fungi causing opportunistic infections in the compromised host. Therefore, rapid Am-B susceptibility testing of filamentous fungi is necessary to aid in management decisions in treating these infections.
Various types of methods (8) currently available to determine the susceptibility of filamentous fungi to Am-B depend on inhibition of visible growth. Agar dilution methods have been developed that can screen many isolates simultaneously by using a replicating procedure for inoculation. Broth dilution methods have also been developed which can test a single organism against one or more drugs. Both systems use serial dilutions in tubes or in microtiter trays. With each of these methods, however, the incubation time (which may be up to 96 h) must be long enough to ensure significant visible growth on control media to determine accurate minimal inhibitory concentrations (MICs). In addition, visual endpoints of growth may be difficult to determine and are qualitative.
The present study was undertaken to develop a rapid, radiometric method (RM) for determining the susceptibility of filamentous fungi to AM-B. RMs have been shown to be successful for susceptibility testing of yeasts (3, 4) and mycobacteria (1, 5, 9, 10, 11 
RESULTS
Relationship of GI and Am-B concentration. Fig. 1 The MICs of the agents of mucormycosis (zygomycosis) varied according to the organism. The isolates of Rhizopus had MICs of 0.5 p.g/ml or less with both methods, whereas the Cinninghamella isolate had an MIC of 2.0 ,ug/ml with RM and 4.0 ,ug/ml with ADM. Both isolates of P. boydii had MICs of 4.0 p.g/ml with both methods.
Analysis of RM. The geometric mean of MICs calculated for all 30 isolates tested were not significantly different. The geometric mean of MICs for RM was 1.4 ,ug/ml, whereas the geometric mean of the MICs for ADM was 1.65 p.g/ml.
The analysis of the RM MICs for the individual isolates compared with the reference ADM is presented below. MICs for 28 isolates (93.3% of the isolates tested) were within 1 dilution of the MICs from the reference ADM. Of these, 16 had identical MICs with both methods. Of the 12 isolates tested which varied by 1 dilution, 8 of the RM MICs were one dilution lower than MICs of ADM. Four of the isolates had RM MICs which were one dilution higher than MICs of ADM. Only MICs of two isolates varied by greater than 1 dilution; both had RM MICs 2 dilutions lower than the reference ADM, giving a 6.7% disagreement between the two methods. One isolate of A. fiumigatius had an MIC of 0.25 pg/ml with RM and an MIC of 1.0 VLg/ml with ADM.
One Rhizopius isolate had an MIC of 0.125 ,ug/ml with RM and an MIC of 0.5 Lg/ml with ADM. DISCUSSION RM correlated favorably with reference ADM for determining MICs of Am-B for the filamentous fungi tested. The geometric means of MICs for both methods were very similar. With individual MICs there was an overall agreement of 93.3% between the two methods. Approximately one-half (16 of 30) of MIC endpoints were identical, and 12 of 30 were within one dilution (the limit of sensitivity for any test with serial dilutions). Of the 14 MIC endpoints which were not identical in both methods, RM yielded lower endpoints in 10 of 14 cases. This tendency may be due to the difficulty in determining the endpoint of growth with ADM. RM yielded rapid and objective susceptibility data for Am-B with the filamentous fungi tested. MICs were available within 24 h with RM, whereas growth-dependent ADM required 48 h, during which Am-B activity may diminish due to its instability (8) . The determination of the endpoints was more objective for RM than for ADM. The use of quantitative GIs to assign an MIC is advantageous compared with the problem of objectively determining growth endpoints with ADM. The one limiting factor is that the RM does not provide fungicidal endpoints.
The results with RM did demonstrate differences in the susceptibility of the different filamentous fungi to Am-B. Differences of susceptibility were noted among the Aspergillis spp. All isolates of A. fumigatus had MICs of 1 p.g/ml or less, whereas the isolates of A. flavius and A. terreius had higher MICs of 2.0 or 4.0 pLg/ml, respectively. Differences were also noted with the etiological agents of mucormycosis.
The two isolates of Rhizopus had MICs of 0.5 p.g/ml, whereas the isolate of Cunninghamella had an MIC of 2.0 pLg/ml. Both isolates of P. boydii had MICs of 4.0 p1g/ml.
These susceptibility results compare favorably with reported values, using different test methods (6) (7) (8) .
In conclusion, RM provides rapid, reproducible minimal inhibitory susceptibility data for Am-B with various species of filamentous fungi. An increased number of isolates and other species of filamentous fungi should be tested with RM to confirm the validity of this test method. Application of this method with modifications such as the use of other basal media may provide rapid susceptibility data for ketoconazole and combinations of antifungal agents such as Am-B and 5-fluorocytosine, Am-B and rifampin, and ketoconazole and 5-fluorocytosine. Susceptibility data and in vivo correlation of efficacy may provide better chemotherapeutic approaches to life-threatening infections caused by these filamentous fungi.
